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Emerging studies indicate that long noncoding RNAs
(lncRNAs) play crucial roles in ovarian cancer (OC). By
analyzing high-throughput data, we found that SNHG17 was
highly expressed inmultiple OC cohorts. However, its functions
in OC were not explored. In this study, lncRNA expression in
OC was analyzed by a series of microarray data. The functions
of SNHG17 were investigated by various in vitro and in vivo
assays. Fluorescence in situ hybridization (FISH), RNA pull-
down, chromatin immunoprecipitation (ChIP), RNA immuno-
precipitation (RIP), and luciferase reporter assays were used
to reveal the potential mechanisms involved in the effects of
SNHG17. We found that SNHG17 was overexpressed in OC
and that the oncogenic transcription factor STAT3was involved
in promoting its expression. In addition, high SNHG17 expres-
sion was associated with a poor prognosis in OC. Functional
analysis revealed that SNHG17 could promote OC cell growth.
Mechanistically, SNHG17 was found to be located predomi-
nantly in the cytoplasm. It could regulate expression of
CDK6, an important cell-cycle regulator, by acting as a molecu-
lar sponge for miR-214-3p. In summary, our study suggested
that SNHG17 acted as an oncogene in OC, which might serve
as a novel target for OC diagnosis and therapy.

INTRODUCTION
Ovarian cancer (OC) is one of the most common gynecologic cancers.
Its morbidity ranks seventh among all malignant cancers in women,
and it is the fifth leading cause of tumor-related deaths in women.1,2

Due to improvements in diagnosis and treatment techniques, the
overall prognosis for OC patients has improved. However, drug resis-
tance, extensive metastases, and relapse often occur in advanced OC,
which leads to a 5-year survival rate in OC of less than 40%.3–5 Thus,
further exploration of the molecular mechanism of OC development
and progression is urgently needed.

Long noncoding RNAs (lncRNAs) are a class of RNAs longer than
200 nucleotides (nt) in length with little or no protein-coding capac-
ity.6 These transcripts were previously thought to be transcriptional
“noise,” but as their study has progressed, some of them have been
found to play important roles in a variety of physiological or patho-
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logical processes.7–9 Recent studies have revealed that some lncRNAs
are abnormally expressed and play vital roles in OC, such as HOST2,
MALAT1, PVT1, and PTAR.10–13 However, the roles of most
lncRNAs in OC remain largely unknown, and further studies are
needed.

Small nucleolar RNA host gene 17 (SNHG17) is located on 20q11. It
has recently been reported to act as an oncogene in various tumors,
such as colorectal cancer, gastric cancer, and non-small-cell lung can-
cer.14–16 Through analyzing the microarray data of OC tissues, we
found that it was also widely overexpressed in OC.

In this study, we explored the expression pattern, clinical significance,
functions, and molecular mechanisms of SNHG17 in OC. SNHG17
was highly expressed in OC, and its high expression was associated
with a poor prognosis in OC patients. In addition, we demonstrated
that the high SNHG17 expression was due to STAT3 activation.
Silencing SNHG17 inhibited OC cell growth and induced cell-cycle
arrest. SNHG17 is primarily located in the cytoplasm and can increase
CDK6 expression by acting as a sponge for miR-214-3p. Taken
together, the results of our study revealed the effects of SNHG17 in
OC and provide a novel theoretical target for the diagnosis and treat-
ment of OC.
RESULTS
SNHG17 Expression Is Upregulated in OC, and Its High

Expression Correlates with a Poor Prognosis

First, we analyzed the microarray data of OC tissues in the GEO data-
base (GEO: GSE54388, GSE38666, and GSE 14407) and identified the
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Figure 1. SNHG17 Is Upregulated in OC, and a High SNHG17 Expression Predicts a Poor Prognosis

(A) Heatmap of aberrantly expressed lncRNAs in OC (GEO: GSE54388). Red in the heatmap indicates upregulation, and blue indicates downregulation. The red arrow

denotes SNHG17. (B) The expression of SNHG17 in the Yeung OC cohort (GEO: GSE54388), Loukia OC cohort (GEO: GSE38666), and Bowen OC cohort (GEO:

GSE14407). (C) qRT-PCR analysis of SNHG17 expression in 90 pairs of OC and corresponding adjacent normal tissues. (D) Kaplan-Meier analysis of OC patients’ overall

survival based on SNHG17 expression (n = 90; p = 0.026); a tissue sample whose threshold cycle (CT) value of SNHG17 minus a CT value of GAPDH less than �6.46 was

defined as high SNHG17 expression. (E) qRT-PCR analysis of SNHG17 expression in OC cell lines (OVCAR-3, PEO1, SK-OV-3, A2780, and Caov-3) and normal human

ovarian surface epithelial cells (HOSEpiCs). *p < 0.05; **p < 0.01; ***p < 0.001.
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abnormally expressed lncRNAs in OC (Figure 1A). We found that
SNHG17 was significantly highly expressed in OC tissues compared
to adjacent tissues in all these OC cohorts (Figure 1B). We also
measured the expression of SNHG17 in 90 paired OC and adjacent
tissues by qRT-PCR; consistent with the microarray results,
SNHG17 expression in tumor tissues was significantly increased (Fig-
ure 1C). To explore the clinical significance of SNHG17 in OC, we
divided 90 patients into two groups according to SNHG17 expression.
The statistical analysis results demonstrated that SNHG17 expression
was correlated with the International Federation of Gynecology and
Obstetrics (FIGO) stage (p < 0.001), histological grade (p = 0.015),
and tumor size stage (p = 0.010; Table 1). Moreover, we examined
the prognostic value of SNHG17 in OC. The survival analysis results
showed that those OC patients with a high SNHG17 expression had a
significantly worse prognosis (Figure 1D). In addition, we examined
the expression of SNHG17 in OC cell lines and normal human
ovarian surface epithelial cells (HOSEpiCs). The results indicated
that its expression was significantly higher in OC cells than in the
normal ovarian epithelial cells (Figure 1E).

STAT3 Activates the Transcription of SNHG17 in OC

We next explored potential factors that induced the high expression
of SNHG17 in OC. We used the JASPAR17 tool to predict transcrip-
tion factors that might bind to the promoter region of SNHG17, and
the oncogenic transcriptional factor STAT3 achieved the highest
score. We silenced STAT3 in OVCAR-3 cells and PEO1 cells and
found that the expression of SNHG17 was decreased. Conversely,
the overexpression of STAT3 caused an increase in SNHG17 expres-
sion (Figure 2A). We also detected that several other transcription
factors got high scores (STAT1, KLF5, CTCF, and SP1), but silencing
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Table 1. The Clinical Characters of 90 OC Patients

Characteristics Number of Cases

SNHG17 Expression

paLow (n = 45) High (n = 45)

Age (years)

<50 35 17 18
0.829

R50 55 28 27

FIGO Stage

I + II 36 30 6
<0.001

III + III 54 15 39

Lymph Node Metastasis

Negative 63 35 28
0.107

Positive 27 10 17

Histological Grade

High 59 24 35
0.015

Low 31 21 10

CA125 in Serum (U/mL)

<600 32 17 15
0.660

R600 58 28 30

Tumor Size (cm)

%5 52 32 20
0.010

>5 38 13 25

aStatistically significant results appear in italics.
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them had little effect on SNHG17 expression (Figure S1A). Impor-
tantly, the chromatin immunoprecipitation (ChIP) assay results re-
vealed that STAT3 could directly bind to the promoter region of
SNHG17 (Figure 2B). In addition, STAT3 expression was positively
correlated with the expression of SNHG17 in OC tissues (Figure 2C).
To further determine the binding region of STAT3 in the SNHG17
promoter, we performed a luciferase reporter assay. The results indi-
cated that STAT3 was mainly bound to the E2 region (�2,348 to
�2,338 bp, TTTCTGGGAAG), rather than to the E1 region (�328
to �318 bp, TTTCTGAGAAA; Figure 2D).

SNHG17 Promotes OC Cell Growth In Vitro and In Vivo

Colony formation assays and cell counting Kit-8 (CCK-8) assays
showed that silencing SNHG17 reduced the growth ability of OV-
CAR-3 and PEO1 cells (Figures 3A and 3B). The results of the 5-ethy-
nyl-20-deoxyuridine (EdU) experiments indicated that the prolifera-
tive rates of OC cells decreased significantly after the knockdown of
SNHG17 (Figure 3C). Similarly, flow cytometry cell-cycle assays
showed that, after SNHG17 silencing, the proportion of cells in the
“S” phase decreased and cell-cycle arrest was observed (Figure 3D).
In addition, cell apoptosis rates were detected by flow cytometry,
and the results showed that the apoptosis rates of OVCAR-3 and
PEO1 cells were significantly increased when SNHG17 was silenced
(Figure 3E). Next, we examined the effect of SNHG17 on OC cells
in vivo. We constructed SNHG17 knockdown (shSNHG17) and over-
expressing (SNHG17) stably transfected OVCAR-3 cell lines. As
40 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
shown in Figure 4A, SNHG17 was effectively downregulated in
shSNHG17-transfected cells and significantly upregulated in
SNHG17-overexpressing cells. The results of the nude mouse xeno-
graft model showed that the tumor volumes in the SNHG17 knock-
down group were substantially smaller than those in the negative con-
trol (NC) group. Conversely, the tumors formed by the SNHG17-
overexpressing cells had significantly larger volumes than those of
the control group (Figure 4B). After 4 weeks, the mice were sacrificed,
and the tumors were formalin-fixed. The immunohistochemistry
(IHC) results of these xenografts demonstrated that the positive
rate of Ki-67 in the SNHG17 knockdown group was lower than
that in the control group. The positive rate of Ki-67 was higher in
the SNHG17-overexpressing group than that in the control group
(Figure 4C). In addition, we detected levels of the proliferation-asso-
ciated proteins cyclin D1 and cyclin D2 by western blot in the
SNHG17 small interfering RNA (siRNA)-transfected OC cells. The
results demonstrated that both these proteins were significantly
decreased (Figure 4D). Gene set enrichment analysis (GSEA) also re-
vealed significant relations between the cell-cycle-related pathways
and SNHG17 expression in OC (Figure 4E). To summarize, these re-
sults indicate that SNHG17 promotes OC tumor growth both in vitro
and in vivo and that SNHG17 may play a vital role in cell-cycle regu-
lation in OC.

SNHG17 Acts as a Competitive Endogenous RNA (ceRNA) to

Sponge miR-214-3p in OC

Considering that the way in which lncRNAworks is related to its sub-
cellular localization, we then explored its distribution in OC cells.
RNA fluorescence in situ hybridization (FISH) experiments showed
that SNHG17 was mainly located in the cytoplasm of OVCAR-3
and PEO1 cells (Figure 5A). The results of subcellular fractionation
assays also indicated that SNHG17 was primarily distributed in the
cytoplasm (Figure 5B). Thus, we hypothesized that SNHG17 might
play a role as a ceRNA. We then used the miRDB18,19 tools to search
for microRNAs that could theoretically interact with SNHG17. A set
of microRNAs (miR-214-3p, miR-487a-5p, miR-1205, miR-487b-5p,
miR-187-5p, miR-761, miR-539-5p, miR-342-5p, and miR-632)
achieved relatively high scores. We next conducted RNA pull-down
experiments with biotin-labeled SNHG17 in OVCAR-3 cells. As
shown in Figure 5C, miR-214-3p, miR-487a-5p, miR-1205, and
miR-487b-5p could be pulled down by SNHG17. Compared with
other microRNAs, SNHG17 combined the largest amount of miR-
214-3p, and it has two binding sites for miR-214-3p. Thus, we chose
miR-214-3p for the next study. To test our hypothesis, we examined
the expression of miR-214-3p in OVCAR-3 cells when SNHG17 was
silenced or overexpressed. As shown in Figure 5D, the expression of
miR-214-3p was significantly elevated after SNHG17 was knocked
down and was significantly decreased when SNHG17 was overex-
pressed. We also evaluated the expression of miR-214-3p in OC
tissues. In contrast to SNHG17, it was significantly lower in tumor
tissues compared to normal tissues (Figure 5E). In addition, we con-
structed a wild-type (WT) luciferase reporter plasmid (Luc-SNHG17-
WT) and a mutant luciferase reporter plasmid (Luc-SNHG17-mt)
based on the predicted miR-214-3p and SNHG17 binding sites. The



Figure 2. STAT3 Induces a High SNHG17 Expression

in OC

(A) SNHG17 expression was detected in OVCAR-3 and

PEO1 cells transfected with STAT3 siRNAs or the STAT3-

overexpressing vector by qRT-PCR. (B) ChIP assays were

conducted to identify STAT3 occupancy in the SNHG17

promoter region. (C) The correlation between STAT3 and

SNHG17 expression analyzed in 90 pairs OC samples (n =

90; r = 0.389, p < 0.001). (D) Luciferase reporter assays

were used to determine the STAT3 binding sites on the

SNHG17 promoter region. **p < 0.01; ***p < 0.001.
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results of the luciferase reporter assay indicated that miR-214-3p
could bind to Luc-SNHG17-WT but not to Luc-SNHG17-mt (Fig-
ure 5F; Figure S2A). In addition, RNA immunoprecipitation (RIP) as-
says with an AGO2 antibody were performed, and the results revealed
that both miR-214-3p and SNHG17 could directly interact with the
endogenous AGO2 protein in OVCAR-3 and PEO1 cells (Figure 5G;
Figure S2B). In addition, a correlation analysis demonstrated that the
expression of miR-214-3p and SNHG17 was negatively correlated in
OC tissues (Figure 5H; Figure S2B). It has been reported that
SNHG17 can act as a ceRNA to sponge miR-124-3p and miR-506-
3p.20,21 In OVCAR-3 cells, we found that silencing SNHG17 caused
a slight increase in miR-124-3p (about 30%), which was much lower
than that in miR-214-3p (about 300%), and had almost no effect on
the expression of miR-506-3p (Figure S2C). These results indicate
Molecular The
that SNHG17 can regulate miR-214-3p expres-
sion through working as a ceRNA in OC.

SNHG17 Can Regulate CDK6 Expression by

Sponging of miR-214-3p in OC

As is well known, microRNAs exert their func-
tions by inhibiting target genes. We used three
tools (PITA,22 miRmap,23 and TargetScan24) to
search for targets of miR-214-3p. CDK6 was
identified as a potential target of miR-214-3p by
all these tools. Considering that SNHG17 could
affect the proliferation of OC cells, we speculated
that SNHG17 might exert its effects by absorbing
miR-214-3p, thus regulating CDK6 expression.
We then constructed the WT luciferase reporter
plasmid (WT CDK6-30 UTR) and the mutant
luciferase reporter plasmid (mt CDK6-30 UTR)
based on the predicted binding sites. The relative
luciferase activity was significantly decreased in
cells cotransfected with the WT CDK6-30 UTR
luciferase reporter and miR-214-3p mimics.
However, no significant changes were observed
in the mt CDK6-30 UTR group (Figure 6A). We
next studied the effect of SNHG17 on CDK6
expression. The results indicated that when
SNHG17 was overexpressed, the expression of
CDK6 was elevated, and when both SNHG17
and miR-214-3p was overexpressed, the increase in CDK6 was abol-
ished (Figure 6B). In addition, SNHG17 knockdown could reduce
CDK6 expression in OVCAR-3 cells but reduced CDK6 could
be rescued when SNHG17 siRNAs and miR-214-3p inhibitors were
cotransfected (Figure 6C). The changes in protein levels were consis-
tent with the changes in the RNA levels (Figure 6D). To further verify
that SNHG17 could regulate CDK6 expression by sponging miR-214-
3p, we constructed a SNHG17-mt vector, which contains mutations
at the putative miR-214-3p binding sites (50-654TGTCCTGCTG
T665-30 to 50-654ACTGGACGACA665-30 to 50-903TCCCTGCTG
912-30 to 50-903ACGGACGAC912-30). As expected, transfection
with SNHG17-mt did not changed miR-214-3p and CDK6 expres-
sion (Figures S2D and S2E). Besides, we analyzed the expression of
CDK6 in 90 paired OC tissues. We found that CDK6 expression
rapy: Nucleic Acids Vol. 22 December 2020 41
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Figure 3. SNHG17 Promotes Proliferation and Inhibits Apoptosis of OC Cells In Vitro

(A) Colony formation assays in OVCAR-3 and PEO1 cells transfected with SNHG17 siRNAs. (B) CCK-8 assays in OVCAR-3 and PEO1 cells transfected with SNHG17

siRNAs. (C) EdU assays were used to assess the proliferation ability of OVCAR-3 and PEO1 cells transfected with SNHG17 siRNAs. (D) Flow cytometry cell-cycle assays used

to assess the effect of SNHG17 knockdown on cell cycle. (E) Flow cytometry cell apoptosis assays used to assess the effect of SNHG17 silencing on cell apoptosis. *p < 0.05;

**p < 0.01; ***p < 0.001.
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Figure 4. SNHG17 Promotes OC Growth In Vivo and Affects Proliferation-Related Pathways

(A) The SNHG17 expression in corresponding stably transfected OVCAR-3 cells was detected by qRT-PCR. (B) Representative images of tumors formed in nude mice from

the NC group, shSNHG17 group, and SNHG17-overexpression groups and the tumor volume growth curves after injections in the different groups. (C) Left panel:

(legend continued on next page)
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was significantly higher in the cancer tissues compared to the adjacent
normal tissues (Figure 6E). Correlation analysis revealed that CDK6
mRNA expression was positively correlated with SNHG17 expression
but negatively correlated withmiR-214-3p expression (Figures 6F and
6G). In addition, previous studies have shown that SNHG17 can regu-
late the expression of CDKN2B, CDKN1C, and CTNNB1.15,21 We
found that SNHG17 knockdown had no effect on the expression of
CDKN2B and CDKN1C, but it downregulated CTNNB1 in OV-
CAR-3 cells (Figure S2F). The reasons for this difference need to be
further explored.

SNHG17 Promotes OC Cell Growth by Increasing CDK6

Expression

We further determined whether SNHG17 promoted OC cell growth
in a CDK6-dependent manner. The CCK-8 experiments showed that
overexpression of SNHG17 accelerated the growth rate of OVCAR-3
cells. In contrast, the overexpression of miR-214-3p inhibited the
growth rate of OVCAR-3 cells. When the SNHG17 overexpression
plasmids and miR-214-3p mimics were cotransfected, the growth ac-
celeration caused by SNHG17 was weakened (Figure 7A, left panel).
In addition, silencing CDK6 inhibited the growth of OVCAR-3 cells
and could also abolish growth acceleration caused by the overexpres-
sion of SNHG17 (Figure 7A, right panel). Consistent with the results
of the CCK-8 assays, the EdU experiments revealed that overexpres-
sion of SNHG17 could increase the proliferation rate of OVCAR-3. If
miR-214-3p was overexpressed or CDK6 was silenced at the same
time as the overexpression of SNHG17, it significantly impaired the
increase in proliferation ability of OVCAR-3 cells (Figure 7B). In
addition, the IHC results indicated that CDK6 expression increased
in tumor-bearing tissues formed by SNHG17-overexpressing
OVCAR-3 cells and decreased in tumor-bearing tissues formed by
the SNHG17-knockdown OVCAR-3 cells (Figure 7C). The results
of the western blotting showed that the overexpression of SNHG17
led to CDK6 upregulation and that the protein levels of cyclin D1
and cyclin D2, which were associated with cell proliferation, were
also significantly upregulated, while CDK6 knockdown attenuated
the effects of SNHG17 on their expression (Figure 7D). In summary,
these results suggested that SNHG17 increases the proliferation abil-
ity of OC cells through the upregulation of CDK6.

DISCUSSION
OC is a leading cause of cancer incidence and mortality worldwide.25

The etiology of this lethal disease is not completely understood. Recent
studies have shown that some lncRNAs are involved in the development
ofOC. For example,Wuet al.26 found that lncRNAABHD11-AS1 acted
as an oncogene in OC by stabilizing RhoC. Wang et al.27 revealed that
lncRNA PANDAR could dictate OC chemoresistance by regulating
SFRS2-mediated p53 phosphorylation. Martini et al.28 demonstrated
representative images for H&E stains and Ki67 immunostaining of tumor samples from

liferation-related proteins cyclin D1 and cyclin D2 were detected by western blot after S

between the expression of SNHG17 and the genes related to cell prolif

REACTOME_CELL_CYCLE, and CHANG_CYCLING_GENES). *p < 0.05; **p < 0.01; *
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that lncRNAPVT1 could be a prognostic biomarker in stage I epithelial
OC. These studies indicate that a comprehensive understanding of the
functions of lncRNA inOCmay help us to develop novel diagnosis and
treatment strategies. In this study,wedetermined the expressionprofiles
of abnormally expressed lncRNAs in OC tissues by analyzing high-
throughput data. From these aberrantly expressed lncRNAs,we selected
SNHG17 for further study.We found that SNHG17was upregulated in
OC tissues and cells and that its high expression predicted a poor prog-
nosis for OC. STAT3, an important cancer-promoting transcription
factor, was identified to activate SNHG17 transcription in OC. Func-
tional experiments revealed that SNHG17 could promote OC cell
growth both in vitro and in vivo. Mechanistically, SNHG17 was mainly
distributed in the cytoplasm and could upregulate CDK6 as amolecular
sponge of miR-214-3p.

Several studies have shown that SNHG17 plays vital roles in various
types of disease. Mohamadi et al.29 reported that a decreased expres-
sion of SNHG17 is possibly associated with the development of type 2
diabetes mellitus. Xu et al.16 found that SNHG17 could promote non-
small-cell lung cancer proliferation and migration by regulating the
expression of FOXA1, XAF1, and BIK. Chen et al.30 revealed that
SNHG17 could act as a prognosis biomarker of gastric cancer. In
addition, Zhang et al.15 reported that SNHG17 could promote gastric
cancer progression through the interaction with PRC2. Here, we first
uncovered how SNHG17 exerts oncogenic functions through a new
mechanism in OC.

Many studies have revealed that the constitutive activation of STAT3
is common in human cancers. Aberrant STAT3 signaling has been
identified to be involved in the initiation and progression of various
tumors.31 Some important anti-apoptotic genes, such as Bcl-XL,
Bcl-2, and Mcl-1, have proved to be target genes of STAT3. In addi-
tion, proteins related to cell-cycle progression, such as cyclin D1 and
c-Myc, were also targets of STAT3.32,33 Our research indicated that
STAT3 could activate SNHG17 expression and that SNHG17 could
promote the proliferation of OC cells by regulating CDK6. This
may provide a new theory for STAT3 in promoting tumor cell
growth. As an important cell-cyclin-dependent kinase, CDK6 can
form complexes with D-type cyclins and then inactivate retinoblas-
toma protein Rb by phosphorylating it. Rb phosphorylation causes
E2F family transcription factor release, thereby promoting cell prolif-
eration.34 CDK6 expression is regulated by many factors.35 Some
studies have reported that CDK6 is a target gene for several micro-
RNAs.36–38 In this study, we provided evidence that CDK6 was a
target of miR-214-3p in OC.

In summary, our results revealed that SNHG17 was upregulated and
acted as an oncogene in OC. Its high expression was due to STAT3
the different groups. Right panel: Ki67’s H-score statistics result. (D) The cell pro-

NHG17 knockdown. (E) The GSEA results were plotted to visualize the correlation

eration (GO_CELL_CYCLE_G1_S_PHASE_TRANSITION, KEGG_CELL_CYCLE,

**p < 0.001.



Figure 5. SNHG17 Directly Binds to miR-214-3p and Acts as a Molecular Sponge in the Cytoplasm

(A) Representative FISH images show the distribution of SNHG17 in OVCAR-3 and PEO1 cells (red). The nuclei were stained by DAPI (blue). (B) Relative SNHG17 expression

levels in the nuclear and cytoplasm fractions of OVCAR-3 and PEO1 cells. Nuclear controls, U6; cytosolic controls, GAPDH. (C) The relative expression of candidate

microRNAs that could potentially bind to SNHG17 was quantified by qRT-PCR after the biotinylated-SNHG17 pull-down assays in OVCAR-3 cells. (D) miR-214-3p

expression was detected in OVCAR-3 cells transfected with SNHG17 siRNAs or the SNHG17-overexpressing vector by qRT-PCR. (E) qRT-PCR analysis of miR-214-3p

expression in 90 pairs of OC and corresponding adjacent normal tissues. (F) Dual-luciferase reporter assays of WT and mutant type (putative binding sites for miR-214-3p

were mutated) SNHG17 luciferase report vectors. Lower panel: sequence alignment of miR-214-3p and their predicted binding sites (green) for SNHG17. Predicted

(legend continued on next page)
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Figure 6. SNHG17 Regulates CDK6 Expression by

Acting as a Sponge for miR-214-3p in OC

(A) Dual-luciferase reporter assays with WT and mutant

type (putative binding sites for miR-214-3p were mutated)

luciferase report vectors of CDK6 30 UTR. Lower panel:

predicted microRNA target sequence (6,377 bp–6,388 bp,

blue) in CDK6 30 UTR (Luc-CDK6-WT) and the positions of

mutated nucleotides (red) in CDK6 30 UTR (Luc-CDK6-mt).

(B–D) CDK6 expression was detected by qRT-PCR or

western blot in OVCAR-3 cells with the indicated treatment.

(E) qRT-PCR analysis of CDK6 expression in 90 pairs of OC

and corresponding adjacent normal tissues. (F) The cor-

relation between CDK6 and miR-214-3p in 90 paired OC

samples (n = 90; r =�0. 375, p < 0.001). (G) The correlation

between CDK6 and SNHG17 in 90 paired OC samples (n =

90; r = 0.457, p < 0.001). **p < 0.01; ***p < 0.001.
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activation and associated with a poor prognosis in OC. It could func-
tion as a molecular sponge for miR-214-3p to weaken the suppressive
effect of miR-214-3p on CDK6, thus facilitating the cell-cycle pro-
gression of OC cells. Our data suggest that SNHG17might be a prom-
ising prognostic biomarker and therapeutic target for OC.
MATERIALS AND METHODS
Tissue Samples and Clinical Data Collection

Ninety pairs of OC tissues and matched paracancerous tissues were
collected from patients who received radical surgery at The First
Hospital of Jilin University betweenMay 2012 and July 2014. All sam-
ples were stored in a liquid nitrogen container until RNA extraction.
microRNA target sequence (654 bp–665 bp and 902 bp–911 bp, blue) in SNHG17 (Luc-SNHG17-WT) and p

SNHG17-mt). (G) RIP assayswith an anti-Ago2 antibody to assess endogenous Ago2-binding RNAs; immunoglo

miR-214-3p were determined by qRT-PCR and presented as the fold enrichment in Ago2 relative to the input. (

analyzed in 90 paired OC samples (n = 90; r = �0.291, p < 0.001). *p < 0.05; **p < 0.01; ***p < 0.001.
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Written informed consents were obtained from
all these patients, and this study was approved
by the Ethics Committee on Human Research
of Jilin University. The clinical characteristics of
these patients are listed in Table 1.

Cell Culture

The human OC cell lines (OVCAR-3, PEO1,
SK-OV-3, A2780, and Caov-3) and normal
HOSEpiCs were purchased from the ATCC.
These cells were maintained in RPMI 1640
medium (GIBCO, Gaithersburg, MD, USA)
with 10% fetal bovine serum, 100 U/mL peni-
cillin, and 0.1 mg/mL streptomycin and were
incubated at 37�C in a humidified atmosphere
with 5% CO2.

Plasmid Construction and Cell Transfection

The full-length cDNAs of human STAT3,

SNHG17, and SNHG17-mt (mutations at the putative miR-214-3p
binding sites) were synthesized and cloned into the expression vector
pcDNA3.1. The small hairpin RNA of SNHG17 (shSNHG17) (50-GA
UUGUCAGCUGACCUCUGUCCUGU-30) was synthesized and
cloned into the pGLVH1/GFP/Puro vector (GenePharma, Shanghai,
China). STAT3, SNHG17, and CDK6 siRNAs were purchased from
Ambion (Waltham, MA, USA). STAT1, KLF5, CTCF, and SP1
siRNAs were purchased from GenePharma (Shanghai, China). Both
miR-214-3p mimics and inhibitors were synthesized by RiboBio
(Guangzhou, China). The plasmid vectors and siRNAs were trans-
fected into OC cells using Lipofectamine 3000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s protocol. For stably
transfected cell line construction, stable clones of SNHG17- and
ositions of the mutated nucleotides (red) in SNHG17 (Luc-

bulin G (IgG) was used as the NC. The levels of SNHG17 and

H) The correlation between SNHG17 and miR-214-3p was



Figure 7. SNHG17 Promotes OC Cell Growth by Regulating CDK6 Expression

(A) The CCK-8 assays demonstrated that SNHG17 promoted OC cell growth, while miR-214-3p overexpression or CDK6 knockdown could abolish the growth

promotion caused by SNHG17. (B) EdU assays showed that miR-214-3p overexpression or CDK6 knockdown abolished the increased proliferation rates of OVCAR-3

cells caused by SNHG17. (C) Left panel: representative images of the CDK6 immunostaining of the tumor samples from the different groups. Right panel: CDK6’s

H-score statistics result. (D) Expression of CDK6, cyclin D1, and cyclin D2 was detected by western blot in OVCAR-3 cells with the indicated treatment. *p < 0.05; **p < 0.01;

***p < 0.001.
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pcDNA3.1-transfected OVCAR-3 cells were selected for 2 weeks
using G418, and stable clones of shSNHG17 and shNC-transfected
OVCAR-3 cells were selected for 2 weeks using puromycin. After
selection, the expression level of SNHG17 was determined by
qRT-PCR.
RNA FISH

FISH assays were performed using the Fluorescence In Situ Hybridi-
zation Kit (RiboBio, Guangzhou, China) according to the manufac-
turer’s protocol. Cy3-labeled SNHG17 probes were designed and
synthesized by RiboBio.
Subcellular Fractionation Location

The separation of the nuclear and cytosolic fractions was performed
using the PARIS Kit (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions.
Luciferase Reporter Assay

For the SNHG17 promoter luciferase reporter assay, different frag-
ment sequences containing the predicted STAT3 binding sites were
synthesized and cloned into the pGL3-basic firefly luciferase reporter
(GeneCreate, Wuhan, Hubei, China). The pRL-TK vector was used as
a control. For microRNA target gene luciferase reporter assays, the
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SNHG17 sequences containing the predicted miR-214-3p binding
sites (Luc-SNHG17-WT) or containing mutations in the predicted
microRNA binding sites (Luc-SNHG17-mt) were respectively syn-
thesized and inserted into the pmirGLO luciferase vector
(GeneCreate, Wuhan, Hubei, China). OVCAR-3 cells (1 � 105)
were seeded in 24-well plates for 24 h. Mimics of miR-214-3p were
cotransfected with 10 mg WT or mutated reporters. Twenty-four
hours after transfection, a dual-luciferase reporter assay (Promega,
Madison, WI, USA) was performed to measure the relative luciferase
activity. The same procedure was used to assess the binding effect be-
tween CDK6 30 UTR and miR-214-3p.

Xenograft Tumor Formation

The xenografted tumor model was established to assess the effect of
SNHG17 in vivo. Briefly, 1� 107 OVCAR-3 cells (shNC, shSNHG17,
empty vector, and SNHG17 vector stably transfected) in 0.2 mL PBS
were subcutaneously injected into BABL/c nude mice (20 per group).
The tumor volumes were measured every 5 days, calculated with the
following equation: V = 0.5 � (length � square width). One month
later, the mice were sacrificed, and the tumors were surgically
dissected for analysis.

Statistical Analysis

All statistical analyses were performed using SPSS v.20.0. The survival
curves were calculated using the Kaplan-Meier method and analyzed
using the log-rank test. For comparisons, one-way analyses of vari-
ance and two-tailed Student’s t tests were performed as appropriate.
p <0.05 was considered statistically significant.

A complete description of the methods, including the CCK-8 assay
and colony formation assay, the EdU incorporation assay, flow cy-
tometry, RNA isolation and quantitative real-time PCR, protein
extraction and western blot, IHC, GSEA, ChIP assay, and RIP assay
are available in the Supplemental Materials and Methods.
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